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1

METHOD AND APPARATUS FOR STEAM
GENERATION AT THE BOTTOM OF A WELL
BORE |

BACKGROUND OF THE INVENTION

" This invention relates to a downhole steam generator

- for use in the injection of steam into a hydrocarbon or

other mineral containing formation to reduce said min-

eral’s viscosity and provide energy to drive said mineral

from the formation.
A reference believed to be relevant to the present
invention is U.S. Pat. No. 3,420,300 issued to the present

‘application on Jan. 7, 1969. That patent teaches the use

of a catalytic heater in a borehole for heating a subsur-
face formation. | |

- Hydrocarbon materials can be removed from a hy-
drocarbon bearing subterranean formation by the injec-

tion of steam. In this method of recovery steam is in-

10

2

According to the present invention a concentric tube
steam generator containing a porous matrix of catalyst

bed material in its lower section is lowered to the hy-

drocarbon bearing formation. A fuel gas and oxidizing
gas mixture are passed through the oxidizing catalyst
bed causing oxidation of the fuel. Oxidation promoting
catalysts are well known in the process industries such
as for example beds containing metals as platinum, pal-

ladium, vanadium, iron, titanium, tungsten, copper,
chromium, cobalt, aluminum, nickel, manganese, ce-

- rium, silicon, silver, molybdenum, tin, tungsten, etc. or

15

combinations of these materials, alone or supported on
various porous materials. The oxidizing catalyst 1s gen-

‘erally not required after the porous bed becomes heated

as the heat alone is sufficient to catalyze the oxidation of

‘the fuel. Thus the porous bed would not necessarily

contain the oxidation catalyst for example if the com-
bustion were initiated by an electric heater or by chemi-

. cal means. However the catalyst may only be placed in

20

jected into the formation to reduce the hydrocarbon

viscosity and to provide a driving medium to force the
hydrocarbon to a producing well bore. The producing
well bore may be a well, or wells, adjacent the steam
injection well or the injection well may be used as the

producing well in which case the steam injection would

be terminated during the production of hydrocarbons.
This latter method of operation is called huff and puff
while the former is called steam drive. The recovery of
hydrocarbons is accelerated by the reduction of its

viscosity such that it will flow more readily to the pro-

ducing well bores. Recovery of hydrocarbons is also

'j enhanced by the steam distillation of fractions of the

hydrocarbons which are moved toward the producmg

- wells.

In carrying out this recovery method, 1t is necessary

| 'to_force steam into the formation with sufficient heat
~energy to substantially heat the formation and hydro-

carbons therein. The generation of steam usually has
been by the usage of surface boilers with insulated

~steam lines running from the boiler to the injection

wells. Steam passes through tubing within the injection
well bore to the hydrocarbon bearing formation where

it enters to heat the formation. Many such steam recov-

ery operations now exist, however, the depth to which

‘this method is applicable is generally less than 3000 feet.
. The heat loss from the steam containing tubing passing
through several hundreds of feet of barren formations
-~ above the hydrocarbon formation is excessive. At great
~ depth the steam would all be condensed to water and
finally cooled to essentially the temperature of the hy-

drocarbon bearing formation. Thus the injection of

'steam from the surface to even moderate depths of 3000

to 5000 feet is ineffective in recovering oil by this

- method. Some attempts have been made to construct

- downhole steam generators. These have been by electri-

cal heaters or open flame heaters. The electric down-
hole heaters are of limited capacity and use and are

considered too expensive a means to create a sustained

amount of steam energy. The open flame heaters have

‘also been of limited capacity and difficult to control and
- maintain.

SUMMARY OF THE INVENTION

Accordingly it is an ob_]ect of this invention to pre{
vide a simple apparatus and means of creating steam at
the bottom of a well bore for immediate injection into a

formation containing hydrocarbons.
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the region of the porous matrix where the fuel-air mix-
ture first contacts the bed. Thus the catalyst need not be
throughout the porous bed; sand, aluminum, glass beads
or other inert matenal may be the bulk of the porous.
matrix, for example. | - -

In one embodiment of this invention the exhaust gas
from the porous bed passes to the surface where a por-
tion of the gas may be recycled with additional fuel and
oxygen. Water passes down the annulus between the
casing and burner tube and through a porous bed sepa-
rate from the porous bed containing the burning gases
though adjacent to this bed. Heat flows through the
pipe wall separating these porous beds to heat the water
to vaporize it to steam. Steam then passes out the bot-

tom of the steam generator into the hydrocarbon con-

taining bed. In a second embodiment of this invention

- the fuel-oxygen containing gas passes through the upper

40

portions of the catalyst bed where the fuel is oxidized.
Water pumped down a central concentric tube in the
porous bed is forced through perforations into the
heated porous bed. The heated exhaust gas and steam

formed from the water in the hot bed flows concur-
rently out the bottom of the bed through a porous re-
taining plate and moves together into the hydrocarbon

~ bearing formation. The COj;in the exhaust gas dissolves -
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in the hydrocarbon to swell the oil and further reduce
its viscosity. Oxygen remaining in the exhaust gas may
cause burning within the formation to give a combina-
tion forward combustion and steam drive. However,
the exhaust gas from the producing wells may be more
or less recycled to prevent any combustion from occur-
ring with the formation. This second embodiment of the

steam generator is flexible in its operation in that a vari-

ety of fluids may be injected with only a change in
surface injection. For example, cold water may be in-
jected or only hot flue gas, or hot flue gas denuded of
oxygen with steam or hot water with flue gas, or only

hot exhaust gas containing sufficient oxygen to cause

combustion or hot exhaust gas with remaining oxygen

and steam.

Suitable fuels for use in this invention include those
fuel gases which will oxidize at the desired temperature
of 70 to 3000 degrees F or more, depending on the
materials of construction for the generator, such as
methane, methanol, propane, etc. and other light hydro-
carbons or hydrogen. A particular fuel-catalyst combi-
nation may be selected. For example, exhaust gas from
an internal combustion engine has about 6% carbon
monoxide gas which will further burn to carbon dioxide
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to produce sufficient heat to drive the steam generator.
In this case a manganese dioxide-cupric oxide catalyst
might be used to oxidize CO even at lower tempera-
tures. Other low heating value gases which would nor-
mally be discarded may be used to fire this steam gener-
ator. The fuel content of the fuel-oxygen containing gas
mixture will usually have a heating value in the range of
5 to 80 BTU/scf. For example 3% methane with air will
produce a burning temperature about 1600 degrees F.
Since the lower combustion limit for methane 1n air 1s 4
or 5 percent methane, the 39 methane of this example
would not be considered explosive in its movement
down the pipe to the generator. Liquid fuels may be
used by running an auxiliary line to the top of the po-
rous catalyst bed where the fuel is atomized or the
liquid fuel as an auxiliary fuel could be atomized into the
lower section of the bed where the water enters in the
second embodiment of the invention. |

BRIEF DESCRIPTION OF THE DRAWINGS

This invention will now be described more particu-
larly with reference to the accompanying drawing

wherein;:
FIG. 1 is a sectional view of a first embodiment of the

present invention.

FIG. 2 is a sectional view of a second embodiment of

the present invention. h

FIG. 3 is a sectional view of yet another embodiment
of the present invention; and

FIG. 4 is a cross section of FIG. 3.

Referring now to FIG. 1, a steam generator desig-
nated generally as 2 is shown positioned within a casing
4 cemented into a well bore which penetrates a hydro-
carbon bearing formation 6. The steam generator 2
generally comprises four concentric tubes designated 8,
10, 12 and 14 from the inner to outer tubes respectively.
Each of these tubes is made from heat resistent metal or
ceramic material according to the particular applica-
tion. Tubes 8 and 12 are adapted to be connected by
means of collars 16 and 18 to normal steel tubing mem-
bers 20 and 22 which extend to the ground surface. A
catalyst bed 24 is contained in the annulus between
tubes 10 and 12 and supported at the bottom by an
annular porous plug 26. A crossover arrangement 28 is
provided to place the tube 8 in communication with the
annulus between tubes 10 and 12 and to seal the bottom
of tube 8 and the annulus between tubes 10 and 12. By
this arrangement, a suitable gas containing a fuel-oxy-
gen mixture may be conducted by means of tube 8, the
crossover 28 and the annulus between tubes 10 and 12 to
the porous plug 26 through which it may flow to enter
the catalyst bed 24 where combustion may occur. The
top of catalyst bed 24 is in communication with the
annulus between tubes 8 and 12 so that the products of
combustion are carried back to the surface. |

A packer assembly 32 is provided on tubes 12 and 14
to hold tube 14 onto tube 12 and to also provide a seal
between the tube 14 and the casing 4. A crossover 34 is
also provided to place the annulus between tube 12 and
casing 4 in communication with the annulus between
tubes 8 and 10 and with the annulus between tubes 12
and 14. The bottom of tube 14 is sealed with a porous
plug 36. A porous bed 38 of sand or other particulate
matter fills the double annulus between tubes 8 and 10
and between tubes 12 and 14. This double annulus pro-
vides a complete jacket around the catalyst bed 24. The
top of the double annulus is in communication with the
annulus between tubing string 22 and the casing ¢ so
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4.

that water may be pumped from the surface into the
double annulus. The bottom of the double annulus 1s
closed by the porous plug 36 so that steam generated
within the bed 38 may be exhausted into the lower
portion of casing 4 which is sealed from the upper por-
tion by the packer 32. A number of perforations 40
through casing 4 in the hydrocarbon zone 6 allow steam
from steam generator 2 to enter the hydrocarbon forma-
tion for the enhanced recovery process.

In operation the generator 2 is lowered into the bore
hole and positioned so the bottom of the generator is
opposite the perforations 40 in the casing 4. The packer
32 is set to close the casing 4 to permit gases to move
into the formation 6. After suitable connections have
been made at the surface, a fuel-oxygen containing gas
is introduced through tube 8, which permits its passage
through the oxidation catalyst containing porous bed
24, where the fuel i1s oxidized releasing heat. The porous
bed 24 reaches an elevated temperature controlled by
the fuel content of the fuel-oxygen containing gas. The
hot catalyst bed 24 transfers heat to tubes 10 and 12 and
to the porous bed 38 by conduction. Water pumped
down the annulus between tube 22 and casing 4 and into
porous bed 38 is heated by contact with tubes 10 and 12
and the porous bed 38 itself. The water vaporizes into
steam which passes out the porous plate 36, through the
perforations 40 into the hydrocarbon bearing formation
6 to force the oil to a producing well bore nearby.

FIG. 2 represents a second and somewhat simpler
embodiment of the present invention. A steam genera-
tor shown generally at 42 comprises basically inner and
outer concentric tubes 44 and 46. These tubes may be
made of high temperature steel or ceramic material
according to the designed operating temperatures. Tube
44 is connected by means of a collar 48 to a normal steel
tubing string 50 extending to the earth’s surface. The
outer tube 46 may be connected to the inner tube 44 by
a packer assembly 52 which also provides a seal be-
tween the outer tube 46 and a well casing 4 which pene-
trates a hydrocarbon bearing formation 6 as discussed
with reference to FIG. 1. The annulus between tubes 44
and 46 is in communication with the annulus between
tubing string 50 and the casing 4. The lower end of

tubing 46 is closed by a porous plug 54 which supports
a catalyst bed 56 within the annulus between tubes 44

and 46. The lower end of tube 44 is perforated within
the catalyst bed 56 preferably only in the lower portion
thereof.,

In operation, the generator 42 is run to near the bot-
tom of the hole opposite the formation 6, on the tubing
string 50. The packer 52 is expanded to seal the casing
4 to pipe 46 annulus. Fuel-oxygen containing gas is
made to pass down the annulus between tube 50 and
casing 4 through the catalyst containing bed 56 where it
combusts heating the gases and bed to an elevated tem-
perature. Water is pumped down the tube 50 and
through the perforations in tube 44, into the heated
porous matrix 56 where 1t is vaporized mmto steam. The
exhaust gases and steam flow concurrently down
through the porous bed 56, out the porous plate 54, and
through perforations 40 into the formation 6 to remove
the hydrocarbons theretrom.

As noted above, the oxidizing catalyst 1s not always
needed in an entire porous bed. The FIG. 2 embodiment
provides an example where the porous bed 56 would
conveniently contain oxidizing catalyst only in that
portion above the perforations in tube 44. Thus while
porous bed 56 1s continuous, it may actually comprise
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two distinct regions or beds similar to the FIG. 1 em-
bodiment. The upper portions of bed 56 can be consid-
ered to actual :heat generator l1ke bed. 24 of FIG. 1,

while the lower portion vapomzes water like bed 33 of

FIG. 1.

.-'5 .'

With reference now to FIG. 3, there is 111ustrated yet -
another embodiment of the present invention in which -
two porous beds-are physxeally isolated from each

other. Several modifications are provided to:the FIG. 3
embodiment to improve the heat transfer between the
catalyst bed and steam generating bed. As with the
other embodiments, the steam generator of FIG. 3 1s
illustrated within a casing 4 which penetrates hydrocar-
bon bearing zone 6. As with the FIG. 1 embodiment,
the steam generator is supported from the earth’s sur-
face by a double tubing string comprising inner string 60
and outer string 62. These strings are connected by
means of collars 64 and 66 to sections of tubing 68 and
70 which comprise the main part of the steam generator
of FIG. 3. In this embodiment, a catalyst bed 72 is con-
tained within four additional sections of tubing 74, two
of which are illustrated in this cross-sectional view. The
sections of tubing 74 are supported at their top by plate
76 extending from tube 68 to tube 70, thereby forming a
manifold placing the tubes 74 in communication with
the annulus between tubes 68 and 70 for return of ex-
haust gases. A crossover or manifold arrangement 78
connects the lower end of tubing 68 with each of the
tubes 74. Also, at the lower end of each tube 74 15 a
small porous plug 80 supporting the catalyst bed 72.
The remaining space within tubing 70 is filled with a
porous bed 82 for receiving heat from the catalyst bed
72 and generating steam. This porous bed 82 is sup-
ported by porous plug 84 at the lower end of tubing 70.
Tubing 70 also has perforations 86 for allowing water
passing down the annulus between casing 4 and tubing
string 62 to enter the porous bed for steam generation.
A packer 88 is provided to seal the annulus between
string 70 and well casing 4 below the perforations 86 so
that the steam passing through porous plate 84 1s di-
rected through perforatmns 40 to the hydrocarbon
bearing zone 6.

In operation, the FIG. 3 embodiment 1S essentially
identical to the FIG. 1 embodiment. A fuel-gas oxygen
mixture is pumped down tubing string 60 and through
manifold 78 to the lower end of each of the tubes 74.
Upon contact with the catalyst bed 72, the fuel gas is
burned, generating heat which passes through the tubes
74 to the porous bed 82. The exhaust gases from the
catalyst bed 72 pass out the top of tubes 74 into the
annunlus between tubes 60 and 62 and are conducted
thereby to the surface. Water is pumped down the annu-
lus between tube 64 and casing 4 through perforations
86 in tubing 70 and into the porous bed 82. The water is
converted to steam which passes through porous plug
84 and into the oil bearing formations.

FIG. 4 is a cross-sectional view of the FIG. 3 embodi-
ment and illustrates one further improvement which
will further increase the heat transfer between the cata-
lyst bed and the porous steam generating bed. In partic-
ular, in FIG. 4, the catalyst bed tubings 74 each carry a
number of radially extending fins 90 which help spread
the heat from the catalyst bed out into the porous steam
generating bed 82. It is apparent that fins on the outside
of tubes 74 would also improve the transfer of heat from
the catalyst bed 72 to the steam generating bed 82. Such
a fin arrangement would also be useful in the FIG. 1

embodiment.
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6
~ “While the present:invention has been illustrated in
terms of specific apparatus, it is apparent that various
modifications may -be made within the scope of the
invention as deﬁned by the appended clalms |

1 claim: = . | |

1. A steam generator for use 111 a borehole COIIlpI‘lS-
lng - . :
first and second porous beds in  thermal communica-

tion with each other, said first bed containing oxi-

dizing catalyst in at least a portion thereof,

means for conducting fuel and oxidizing gas to and
into contact with said first bed,

means for conducting water to said second bed, and

means for exhausting steam from said second bed.

2. A steam generator for use in a borehole compris-
ing:

first and second concentric tubes and a first porous
bed carried between said first and second tubes,
said first bed containing oxidizing catalyst in at
least a portion thereof;

a third tube concentric with said second tube and a
second porous bed carried between said second
and third tubes;

means for conducting fuel and oxidizing gas to said
first bed;

means for conducting water into second bed; and

means for exhausting steam from said second bed.

3. A steam generator according to claim 2, wherein
said first tube is said means for conducting fuel and
oxidizing gas to said first bed, and said first bed 1s open
at its upper end to allow venting of products of combus-
tion;

further including; a porous plug closing the bottom of
an annulus between said second and third tubes and
supporting said second bed, said porous plug com-
prising said means for exhausting steam; and

means for separating said products of combustion
from said steam.

4. A steam generator for use in a borehole compris-

ing:

first and second concentric tubes defining an annulus
therebetween and a porous plug closing the bottom
of said second tube;

first and second porous beds carried within vertically
separate portions of said annulus and supported by
said porous plug, said first bed containing oxidizing
catalyst in at least a portion thereof;

means for conducting fuel and oxidizing gas to said
first bed;

means for conducting water into said second bed; and

means for exhausting steam from said second bed,
said means for exhaustlng including said porous
plug.

5. A steam generator according to claim 4, wherein:

- said first bed is above said second bed; said annulus is
said means for conducting fuel and oxidizing gas to
said first bed; said first tube is perforated adjacent
the second bed; and said first tube comprises said

- means for conducting water into said second bed.

6. A steam generator for use in a borehole compris-
ing:

a first tube and a porous plug closing a lower end of

said first tube;

a second tube carried within said first tube and having
a lower end adjacent said porous plug;

a plurality of third tubes carried between said first
and second tubes, each of said third tubes having a
lower end in communication with the lower end of
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said second tube and an upper end in communica-
tion with a manifold in common with all of said
third tubes; ' o o
a first porous bed containing oxidizing catalyst in at
least a portion thereof and carried within said third
tubes; | o

a second porous bed carried within the space between
said first, second and third tubes and supported by

said porous plug;

5

8

means for conducting water into said second bed; and

means for exhausting steam from said second bed
including said porous plug.

7. A steam generator according to claim 6 wherein

said means for conducting fuel and oxidizing gas in-

cludes said second tube.

8. A steam generator according to claim 6 further
including fins extending from the surfaces of said third
tubes for improving heat transfer between said first and

means for conducting fuel and oxidizing gas to said 10 second porous beds.

first bed;
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,237,973
DATED - December Y, 1980

INVENTOR(S) : John C. Todd

It Is certified that error appears in the above—identified patent and that said L etters Patent
are hereby corrected as shown below:

Column 6, line 11, delete "and" (second occurrence)

Column 6, line 12, delete "into contact with"

Column 6, line 13, after "to", insert --and into contact with--

Signcd and Secaled this

Seventeenth Day Of March 198!

ISEAL)]
Atrest:

RENE D. TEGTMEYER

Attessing Officer Acting Commissioner of Patents and Trademarks
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